A superluminescent edge emitting device is fabricated to have apparent vertical light emission. The superluminescent device is comprised of a semiconductor supporting structure having a major surface. A light emitting portion is formed above a first portion of the major surface, wherein the light emitting portion is configured in a substantially circular shape to suppress lasing and has sidewalls, and wherein light is emitted from the sidewalls of the light emitting portion.
An non-emitting portion is formed above a second portion of the major surface and adjacent to the light emitting portion, wherein the non-emitting portion has sidewalls, and wherein the sidewalls of the light emitting portion and the sidewalls of the non-emitting portion are configured to direct the light emitted from the light emitting portion substantially perpen dicular to the major surface. Superluminescent LEDs combine high efficiency with a broad spectral bandwidth. These characteristics are impor tant for achieving high performance in applications such as a light source for fiber-optic gyroscopes. Another applica tion for such devices is in a display matrix in which light from several hundred devices is combined to form an image. LEDs which operate in the lasing mode produce an unde sirable "speckle' effect in an image due to coherent wave interference. The broad spectral bandwidth of a superlumi nescent LEDs precludes coherent wave interference effects.
In the past, superluminescent LEDs have been edge emitting devices where the light is emitted parallel to the surface of the semiconductor substrate in which the super luminescent LEDs are fabricated. However, production of light through the top surface of a light emitting device or perpendicular to the semiconductor substrate surface is highly desirable. Superluminescent LEDs which emit light perpendicular to the substrate surface may be integrated with devices having other functions on a single integrated circuit chip. Also, large arrays of similar such devices may be fabricated on a single substrate to provide an economical, high efficiency, planar display. Obviously, edge-emitting superluminescent LEDs used in the past cannot be integrated with other semiconductor devices on the same chip.
Another advantage of superluminescent LEDs which emit light perpendicular to the substrate surface is that they may be assembled easily by direct mounting onto a package surface rather than requiring a difficult "flip' mounting. In addition, testing of the superluminescent LED before sepa ration of the wafer into individual chips is possible. This pre-separation testing avoids the need to mount and package all superluminescent LEDs, of which some may be defective and must then be scrapped. Because packaging costs are a major component of the total superluminescent LED cost, both the ease of assembly and pre-separation testing repre sent significant manufacturing cost reductions. Furthermore, studies of defect locations on a wafer often provides valu able information which may be used to optimize a wafer manufacturing process. This valuable manufacturing infor mation cannot be obtained if the wafer must be separated into chips before testing.
Superluminescent LEDs operate in a regime between lasing and spontaneous emission. Lasing is undesirable in a superluminescent LED. In the past, there have been diffi culties in preventing superluminescent LEDs from lasing within a certain temperature range. In the past, lasing has been prevented by the use of anti-reflective coatings formed on at least one of the facets of an edge-emitting device through which light is emitted. However, driving the super luminescent LEDs to high powers may eventually cause lasing, in spite of the presence of the anti-reflective coating.
Because even the best anti-reflective coating will reflect some proportion of the light impinging on it, lasing will Superluminescent LEDs provide high efficiency and free dom from wave interference effects, and superluminescent LEDs which emit light perpendicular to the substrate surface facilitate economical manufacturing, testing, and packaging. There is still a need to fabricate more efficient superlumi nescent LEDs that do not lase at high power levels and that can be integrated with other devices on the same chip.
SUMMARY OF THE INVENTION
A superluminescent edge emitting device is fabricated to have apparent vertical light emission. The superluminescent device is fabricated to be comprised of a semiconductor supporting structure having a major surface. A light emitting portion is formed above a first portion of the major surface, wherein the light emitting portion is configured in a sub stantially circular shape to suppress lasing and has sidewalls, and wherein a light is emitted from the sidewalls of the light emitting portion. An non-emitting portion is formed above a second portion of the major surface and adjacent to the light emitting portion, wherein the non-emitting portion has side walls, and wherein the sidewalls of the light emitting portion and the sidewalls of the non-emitting portion are configured to direct the light emitted from the light emitting portion substantially perpendicular to the major surface. What is shown is a superluminescent LED comprised of a supporting structure 10 of a first conductivity type having a first major surface 11 and a second major surface 9. First major surface 11 defines a horizontal plane of the superluminescent LED.
In a preferred embodiment, supporting structure 10 is com prised of a semiconductor substrate. More preferably, the semiconductor substrate is comprised of gallium arsenide (GaAs) and is doped n-type with an n-type dopant such as Selenium (Se) . Other suitable dopants may be used. An alternative embodiment utilizes a p-type substrate so that first mirror stack 14 may be heavily doped p-type to improve the flow of bias current through the superluminescent LED. Supporting structure 10 and subsequent epitaxial layers formed on supporting structure 10 may be comprised of other III-V semiconductor materials systems such as indium phosphide.
A buffer layer 12 of the first conductivity type serves to smooth the top surface of semiconductor substrate 22. In a preferred embodiment, buffer layer 12 is comprised of a n-type GaAs layer or an aluminum gallium arsenide layer (AlGaAs Active layer 18 is preferably comprised of barrier layers and at least one light emitting region (quantum well). The light emitting region is preferably comprised of nominally undoped indium gallium arsenide (InGaAs). Multiple light emitting regions may be used. In addition, other materials, such as GaAs, may be used for different operating wave lengths, with appropriate changes to the composition of first mirror stack 14 so that the layers are transparent at the operating wavelength. The formation of light emitting regions and barrier layers is well known in the art. The total thickness of active layer 18 must be a multiple of /2 of the wavelength of operation in order for active layer 18 to fulfill phase matching requirements in the optical cavity, which is comprised of all the layers between first mirror stack 14 and second mirror stack 24 (described below). The light emitting regions which comprise active layer 18 serve to emit light when a bias current is applied to them.
A top cladding layer 20 of a second conductivity type is formed on active layer 18. Top cladding layer 20 is similar in structure and function to bottom cladding layer 16.
Thereafter, a second mirror stack 24 of the second con ductivity type is formed on top cladding layer 20. Second mirror stack 24 is typically similar in structure to first mirror stack 14, except that it is of the opposite conductivity type.
An alternative embodiment utilizes a dielectric mirror for second mirror stack 24. The dielectric mirror may be com prised of alternating layers of silicon/silicon dioxide (Si/ SiO) or silicon/silicon nitride (Si/SiN).
A second conductivity type ohmic contact 30 is formed and patterned on second mirror stack 24. The fabrication and use of ohmic contacts, in general, is well known in the art. Ohmic contact 30 is typically comprised of a gold alloy. Ohmic contact 30 serves as a contact means whereby a bias current may be applied to the superluminescent LED and thus applied to active layer 18.
Portions of second mirror stack 24, top cladding layer 20, active layer 18 and bottom cladding layer 16 are etched to form an emitting portion 60 and a non-emitting portion 62. This application is related to U.S. Pat. No. 5,034,092, entitled "Plasma Etching of Semiconductor Substrates', by M. Lebby et al., assigned to Motorola, Inc., which is incorporated herein by reference. The layers comprising the structure of the present invention is superficially similar to those of the vertical cavity surface emitting laser (VCSEL) which is described in the cited patent.
In the laser device described by the cited patent the reflectivities of the first and the second mirror stacks are chosen to be nearly 100% so as to achieve lasing in the vertical direction. By contrast, in a superluminescent LED of 5,498,883 S the present invention, the reflectivities are chosen to be less than 100% because lasing is undesirable. The first and second mirror stacks 16 and 20 of the present invention are fabricated to enhance superluminescent behavior by confin ing emitted photons to the plane of active layer 18 (also referred to as the gain region).
Superluminescent operation horizontal to the plane of major surface 11 is favored because of the longer optical path length for photons propagating in the horizontal plane. The reduced mirror stack reflectivities suppress lasing or strongly superluminescent operation vertical to the plane of major surface 11 .  FIG. 4 illustrates an enlarged, highly simplified top view of the embodiment shown in FIG. 2 . The superluminescent LED of the present invention is preferably configured so that lasing is suppressed. In a preferred embodiment, the con figuration of emitting portion 60 of the superluminescent LED is substantially circular. Lasing in the plane horizontal to major surface 11 is suppressed because of the circular shape of light emitting portion 60, which corresponds to a resonator configuration that is not stable. The circle is preferably 2-20 micrometers in diameter measured in active layer 18. If the circle is too large, lasing may take place. If the circle is too small, superluminescent emission may be reduced. Substantially circular means that the configuration of active portion 60 can be a polygon which is substantially circular. In addition, other methods to suppress lasing can also be used. For example, an anti-reflective coating 80 (shown in FIG.3 ) may be formed on sidewalls 61 to further suppress lasing. This anti-reflective coating 80 may be comprised of silicon nitride or other suitable materials. The formation of anti-reflective coatings, in general, is well known in the art.
To complete the formation of the superluminescent LED, a first conductivity type ohmic contact 31 is formed on second major surface 9 of supporting structure 10, as is shown in FIGS. 1, 2, and 3.
By now it should be clear that the superluminescent LED provided by this invention combines the advantages of superluminescence with the advantages of surface emitting devices. Although a true surface emitting device is not fabricated, the superluminescent LED of the present inven tion emits light substantially perpendicular to major surface 11. Like a surface emitting device, the superluminescent LED of the present invention is easy to build, package and test. The superluminescent LED of the present invention may be easily fabricated as part of a large array of such superluminescent LEDs or as part of a larger integrated circuit.
We claim:
1. A superluminescent light emitting device, comprising: a semiconductor supporting structure comprised of a first mirror stack comprised of a plurality of layers of semiconductor materials having matching crystal struc tures having a major surface; alight emitting portion formed above a first portion of the major surface, wherein the light emitting portion is comprised of an active layer comprised of at least one light emitting region formed above a portion of the first mirror stack and a second mirror stack comprised of a plurality of layers of semiconductor materials having matching crystal structures formed above the active layer, and is configured in a substantially circular shape to suppress lasing and has sidewalls, and wherein a light is emitted from the sidewalls of the light emitting portion; 10. The superluminescent light emitting device of claim 1, wherein the sidewalls of the non-emitting portion are curved to better focus the light substantially perpendicular to the major surface.
11. The superluminescent light emitting device of claim 1 wherein the first mirror stack and the second mirror stack are comprised of aluminum arsenide and gallium arsenide. 12. The superluminescent light emitting device of claim 1, wherein the semiconductor supporting structure is com prised of n-type gallium arsenide.
13. The superluminescent light emitting device of claim 1, wherein the light emitting portion is approximately 2-20 microns in diameter.
14. A superluminescent light emitting device, comprising: a semiconductor supporting structure having a major surface; a light emitting portion having sidewalls and a substan tially circular configuration to suppress lasing formed above a portion of the semiconductor supporting struc ture, wherein the light emitting portion is comprised of a first mirror stack comprised of a plurality of layers of semiconductor materials having matching crystal struc tures, an active layer comprised of at least one light emitting region, and a second mirror stack comprised of a plurality of layers of semiconductor materials having matching crystal structures, formed above the active layer, wherein the combined reflectivities of the first and second mirror stacks are selected such that a light is emitted in the superluminescent operating mode from the sidewall of the active layer; and 7 a non-emitting portion having sidewalls formed on the semiconductor supporting structure, wherein the side walls of the light emitting portion and the sidewalls of the non-emitting portion are configured to direct the light emitted from the light emitting portion substan tially perpendicular to the major surface. 15. The superluminescent light emitting device of claim 14, wherein the sidewalls of the light emitting portion and the sidewalls of the non-emitting portion form an acute angle.
16. The superluminescent light emitting device of claim 14, wherein the sidewalls of the light emitting portion and the sidewalls of the non-emitting portion form an oblique angle.
17. The superluminescent light emitting device of claim 14, wherein the sidewalls of the non-emitting portion are at an angle of approximately 0° from the major surface and the sidewalls of the light emitting portion at an angle of approxi mately 135° from the major surface.
18. The superluminescent light emitting device of claim 14, wherein the sidewalls of the light emitting portion are at an angle of approximately 135 from the major surface and the sidewalls of the non-emitting portion are at an angle of approximately 45° from the major surface.
19. The superluminescent light emitting device of claim 14, wherein the sidewalls of the light emitting portion are at an angle of approximately 90° and the sidewalls of the 23. The superluminescent light emitting device of claim 14, wherein the sidewalls of the non-emitting portion are curved to better focus the light substantially perpendicular to the major surface.
24. The superluminescent light emitting device of claim 14, wherein the semiconductor supporting structure is com prised of n-type gallium arsenide.
25. The superluminescent light emitting device of claim 14, wherein the light emitting portion is approximately 2-20 microns in diameter.
